In this paper, a new method based on PROE-ANSOFT Information Interaction for building 3D model of turbo-generator structure is proposed, which can solve those problems such as low efficiency of surface modeling, the lack of physical connection relation for the automatic turbo-generator integral structure, the occurrence of insufficient memory and even crashes for imported PROE model. Taking the stator winding coil of a turbo-generator as an example, the establishment process of 3D solid model is given. On this basis, the overall structure of turbo-generator in the ANSOFT working platform is completed. And the advantages and disadvantages of five kinds of simulation models in ANSOFT working platform are compared and analyzed. The results show that the 3D simulation model drawn by this method can be no longer limited to the special solution environment of electromagnetic field symmetry. Meanwhile, this model can simulate the real physical connection relationship, and complete the division of the simulation model, which will be helpful for the further simulation analysis of the finite element software.
Introduction
Turbo-generator is one of the key equipments for the large-capacity generator sets. The health status of its components will directly affect the safe and stable operation of generator sets. Therefore, it is of great academic significance and engineering practical value to construct accurate generator models and perform simulation analysis.
The finite element software ANSOFT is the typical software to solve and analyze the mechanical properties of stator windings, stator and rotor. However, ANSOFT work platform is less efficient in surface modeling. And automatically generated model does not have a real physical connection relationship. Meanwhile the imported PROE model has difficulty in the process of splitting. Therefore, it is important to realize the construction of the precise model of generator and the finite element simulation analysis, especially the simulation of the key parts of the generator.
The structures of the stator windings are very complex, especially the end of the winding. Therefore, Stator winding is the most difficult in 3D modeling of generator. The end coil of the winding is a space curve on a conical surface. After being expanded, a space involute can be obtained. This design ensures that the end coil is lifted, the pitch, and the equal distance between two adjacent coils. And it can ensure that the current intensity is equal and ventilation cooling conditions are reliable [2] . By building 3D model of stator end windings can reduce duplication of effort, improve efficiency, and facilitate further simulation and calculations [3] . In the past, the description of the involute of the stator winding ends was usually determined by the approximate drawing method or the planar involute curve calculation method. However, the approximate involute accuracy obtained was very low, and the calculation procedure was complicated [4, 5] . In addition, the 2D model is only a flat surface in the ANSOFT work platform [6] . The automatically generated 3D model also only establishes an equivalent magnetic field and does not have a real physical connection. At the same time, the externally imported physical model has problems about splitting [7] [8] [9] . Some scholars have already finished the construction of 3D model within the ANSOFT work platform. However, this model is limited to the special solving environment of air gap and electromagnetic field symmetry. When the appearance of eccentric or field winding inter-turn short-circuit, the model will no longer be applicable [10] .
Based on the series of problems in the modeling process in ANSOFT, this paper proposes a new 3D modeling method based on PROE-ANSOFT information interaction for establishing whole structure of turbo-generator.
And comparing and analyzing the advantages and disadvantages of the five kinds of simulation models in ANSOFT, this 3D modeling method will contribute to the further solution and analysis.
Structures of Stator Windings
Turbo-generator, including stator and rotor, stator windings and rotor windings, is indispensable in the production of electricity. The structures of stator winding are more complicated, especially the end of the stator winding. It is composed of two layers of windings. The coil is a space curve on a conical surface. After the expansion, a space involute is obtained. After the two cones of the coil are respectively unfolded, they are projected from the side to obtain the projection. β is cone's semi-cone angle, points A and B are respectively the starting point and the ending point of the involute. Each layer of the coil is composed of L1 (the length of the line segment outside the core), L2 (the length of the line segment intersected with the involute), L3 (The length of the nose-top end connection) and L5 (the length of the segment involute) and r1, r2, r3(the corresponding transition arc), as shown in Fig 1(a) . 
Modeling of Stator Windings
3D modeling method of stator winding structure based on PROE-ANSOFT information exchange can be divided into three main steps: 1 Drawing a 3D model of stator winding based on PROE, extracting and sharing point sets according to established scanning lead of stator winding bar. 2 Using the forming principle of point, line, surface, body to establish a 3D model of stator winding. 3 Assembling the components to get the 3D model of the whole turbo-generator.
The involute section of ends stator winding is calculated using polar coordinates. The plane involute equation is:
Where r is the radius of the base circle, ρ is the distance from any point ρ(x,y) to the origin on the involute line, θ is the angle between ρ and the x-axis, as shown in 
The space involute curve described by Eq. (2) is shown in Fig. 3 , where the involute directions of the upper and lower windings are exactly the opposite.
As indicated in Eq. (1) and Eq. (2), the radius of the base circle of the involute of the end winding can be obtained according to the diagram of the stator winding structure [8] .
Where Z is the number of stator slots, H is the distance between the centers of two adjacent involutes, N is the number of conductors on the same involute, and N is 1. The specific calculation process can refer to the literature [5] and the literature [8] , which will not be repeated here.
(a) Plane involute parameters (b) Stator winding end structure (c) Stator winding whole structure Fig.2 Plane involute parameters and stator winding structure With reference to [5] and [8] , 3D models are completed in PROE. Point sets can be extracted by using the method of segmenting solid curves in PROE and share them to ANSOFT. Take the example of extracting the solid curve point set of the nose winding at the end of the winding: First, selecting the established end winding in the PROE, as shown in Fig 3(a) , Second, generating an editable curve, as shown in Fig 3(b) , Then setting the offset distance, as shown in Fig 3(c) , Then using the array function to extend the curve along the curve, The direction of offset replication, as shown in Figs 3 (d) and (e), Finally, the desired entity curve point set can be obtained by saving as *.igs format file, as shown in Fig 3 (f) , At the same time, using the above method to extract two straight lines from the scanning plane the top-nose of the end winding, as shown in Fig 3(g) . The generated solid curve point set*.igs format file is imported into the ANSOFT workbench. The imported entity curve point sets will automatically become a line.
The physical curve point sets extracted at the end winding in PROE constitutes the scanning lead in the ANSOFT work platform. The four straight lines at the top-nose of stator end winding constitute a scanning plane, as indicated in Fig 4.   Fig.4 Sharing point sets In order to generate a scanning plane, all straight lines are selected to form a closed rectangle, as shown in Fig.  5(a) . After regeneration, a plane can be formed, as shown in Fig. 5(b) . Finally, the generated plane and scanning lead are selected, and a 3D solid model of the end winding can be obtained by scanning it, as shown in Fig 5(c) .
(a) Generating a closed rectangle (b) Generating a scanning plane (c) Generating 3D model Fig.5 Generating the end winding nose-top In order to ensure the accuracy of the drawing, the nose-top of the end winding is taken as the starting point. Using the above modeling method, one end of the stator winding (Y positive stator winding end) can be drawn, as shown in Fig. 6(a) . Similarly, selecting the nose-top of the end winding as the starting point, other end of the stator winding (Y negative stator winding end) can be drawn by mirroring, spinning and moving, as shown in Fig.  6(b) . Finally, the Y positive stator winding and the Y negative stator windings will meet at the straight line segment, as shown in Fig. 6(c) . 
Comparison and analysis of simulation models in turbo-generator
2D simulation model drawn in ANSOFT is only a plane. It builds a 2D simulation electromagnetic field for solving model, but it cannot achieve the solution of the 3D electromagnetic field, as shown in Fig 8(a) .
3D simulation model automatically generated in ANSOFT can builds a 3D simulation electromagnetic field for solving model. But the model does not have a real physical connection relationship and it can not build a real 3D electromagnetic field simulation environment for solving model, as shown in Fig 8(b) . 3D local simulation model drawn in ANSOFT has a real physical connection and can build a real 3D electromagnetic field for solving model. However, it is limited to a special solution environment where air gap and electromagnetic field are symmetrical. Once the eccentricity or short circuit occurs, the model will no longer apply, as shown in Fig 8(c) .
3D simulation model imported in ANSOFT has made up the shortcomings of the above models, there are many problems in its operation process, such as slow dissection process, more memory and even the phenomenon of dead machine, as shown in Figs 8(d) and (e).
3D simulation model based on PROE-ANSOFT overcomes the shortcomings of the above solving model. The solution process is no longer limited to the special solution environment of symmetrical electromagnetic field. It can also simulate the real physical connection of the whole structure of the motor and quickly complete the dissection of the simulation model, as shown in Figs 8(f) and (g). 
